Site 847, located on the equator beneath the region of divergent-driven upwelling in the eastern tropical Pacific Ocean, provides a continuous record of biogenic sedimentation spanning the past 3 m.y. Sediments at the site are primarily composed of carbonate and opal microfossils, with secondary amounts of detrital material that was transported to the site by means of winds. The cyclic changes in the relative abundance of carbonate and opal during the past 1 m.y. exhibit a strong 100-k.y. variability, which generally corresponds to late Pleistocene climatic oscillations. A distinct, carbonate-poor interval is evident from the last major interglacial and has been attributed to a decrease in production rather than to dissolution. The long-term changes in CaCO 3 mass accumulation rates (MARs) also are driven by production rather than dissolution. High rates near 2.8 Ma are followed by a distinct minima near 1.8 Ma. CaCO 3 MARs increase to a maxima near 0.4 Ma, followed by the decrease in production that occurred during the last interglacial period. Opal accumulations exhibit distinct maxima between 1.7 and 2.0 Ma, 1.1 and 1.3 Ma, and during glacial stages 6 and 2. These increases by more than a factor of 2 in opal accumulation tentatively have been attributed to opal production.
INTRODUCTION
The eastern equatorial Pacific Ocean is an area of high biological productivity fueled by the divergence-driven upwelling of nutrientrich waters associated with the regional trade-wind systems. Chavez and Barber (1987) indicated that this region is responsible for as much as 50% of the global "new" production. An understanding of the response of this biological production to perturbations in climate will provide insights about the role of this area in the transfer of carbon from the surface waters to the deep sea over geologic time. Long continuous records of sediment deposition obtained from the eastern equatorial Pacific during Ocean Drilling Program (ODP) Leg 138 offer the potential to unravel the response of this area to major regional tectonic events (the closing of the Panamanian seaway) and global climate changes that occurred during the late Neogene .
Sediments recovered at equatorial sites during Leg 138 are largely a mixture of biogenic calcite and opal. Carbonate and opal shells of microplankton that accumulate beneath the equatorial upwelling zone provide an opportunity to quantify past changes in surface production. However, differential preservation of calcite and opal complicates the relationship between production of these microfossils and their accumulation in deep-sea sediments. Careful site selection was necessary to minimize these potential biases when interpreting the geological record. Calcite preservation is dependent upon the carbonate and organic carbon rain, water depth, and carbonate ion concentrations in the water column and pore waters (see Broecker and Peng, 1982; Archer, 1 Pisias, N.G., Mayer, L.A., Janecek, T.R., Palmer-Julson, A., and van Andel, T.H. (Eds.), 1995. Proc. ODP, Sci. Results, 138: College Station, TX (Ocean Drilling Program) .
2 Department of Geological Sciences, Brown University, Providence, Rl 02912, U.S.A. 3 Present address: Department of Oceanography, University of British Columbia, Vancouver, B.C., Canada, V6T 1Z4. 1991a, 1991b, and references therein). The relationships between production and accumulation are more reliable at shallow sites that exhibit little depth-dependent dissolution. Seawater is undersaturated with respect to opal at all depths of the ocean; therefore, only a small portion (<10%) of the original rain has been preserved beneath the zone of equatorial upwelling (Broecker and Peng, 1982; Lyle et al., 1988; Archer et al., 1993) . Broecker and Peng (1982) suggested that opal preservation is enhanced during periods with high rain rates. Archer et al. (1993) questioned this relationship and suggested that opal preservation in tropical regions reflects the solubility and dissolution kinetics of the opal raining to the seafloor rather than production. Despite this claim, opal concentration does exhibit a match to the global distribution of surface productivity (Leinen et al., 1986) , the latitudinal changes in productivity in the eastern Pacific Ocean (Murray and Leinen, 1993) , and is a reliable monitor of monsoonal upwelling in the Arabian Sea (Clemens et al., 1991) . Although the relationship between opal production and preservation may be complex, sufficient evidence exists to suggest that opal accumulation in some regions at least may be a qualitative measure of surface production.
The goal of this study is to quantify the accumulation of carbonate and opal in a longitudinal transect along the equator so that spatial and temporal changes in surface production can be evaluated for this region during the late Pliocene to Pleistocene. This time interval includes the initiation of Northern Hemisphere glaciation, but it is after the closing of the Isthmus of Panama (Keigwin, 1982) . Thus, the regional current patterns that are evident today ( Fig. 1 ) are likely to have existed throughout the time interval considered. Changes in biogenic sediment accumulation should reflect regional to global perturbations in climate and oceanic properties. This study focuses on results from Site 847 (0°11.6'N, 95°19.2'W, water depth of 3334 m), which is the eastern anchor of a transect along the equator beginning in the central Pacific near 140°W (Fig. 1) . We use data from the studies of Lyle et al. (1988) , Farrell and Prell (1991) , and Rea et al. (1991) for the area near 140°W, and Farrell (1991) and Farrell and Prell (1991) for the middle location, Deep Sea Drilling Project (DSDP) Site 572 near 114°W. 
METHODS
The mean sedimentation rate for Site 847 over the past 3 m.y. is near 35 m/m.y. Samples were taken at 15-cm intervals in Cores 138-847C-1H to -9H, which provide a temporal spacing close enough to resolve precessional-scale variability (23 k.y.) in biogenic sedimentation (Table 1) . Additional samples were taken in discrete sections from Holes 847B and 847D to account for disturbed or missing sections that were recognized in Hole 847C (see below). Companion samples were taken at these same depths for foraminiferal and stable isotope studies, and the washing and counting procedures along with faunal and stable isotope data for the top 1 m.y. are presented in chapters by Farrell et al. (this volume) and McKenna et al. (this volume) . Included in Table 2 are the dry weight percentage of the sample that is >150-µm, as well as the percentage of whole foraminifers [100 × whole planktonic foraminifers/(whole planktonic foraminifers + fragments)] and the percentage of radiolarians [100 × radiolarians/(whole planktonic foraminifers + radiolarians)] in the >150-µm portion of selected samples.
Composite Depth Section
One of the first tasks in a study of I0 4 -to 10 5 -yr scale of variability from deep-sea cores is to ensure that the stratigraphic section reflects a continuous record of sediment deposition spanning the period of interest. The existence of sediment recovery gaps between successive cores using the advanced hydraulic piston corer (APC) from DSDP and ODP sites is well documented (Ruddiman et al., 1989; Robinson, 1990; Murray and Prell, 1991; Farrell and Janecek, 1991) . These missing sections are evident even with consistent recovery of more than 9.5 m for each 9.5 m drilled, which indicates that the cored material is somehow expanded in the recovery processes. Multiple offset holes drilled at a single site provide a means to construct a continuous stratigraphic section as material from adjacent holes can be "spliced" together to construct a continuous depth section for the site. One of the primary objectives of the Leg 138 Shipboard Scientific Party was to construct composite depth sections for each of the sites drilled (Hagelberg et al., 1992) . Each composite depth section considered the stratigraphies from all holes at a site to create a continuous section. Cores from adjacent holes were moved relative to one another by a fixed amount to provide a high interhole correlation for gamma-ray attenuation porosity evaluator (GRAPE), magnetic susceptibility, and color reflectance data. These data were measured in each core soon after recovery at a sample spacing of approximately 2 to 5 cm. The composite stratigraphic section for Site 847, based on the shipboard work, consists of cored intervals from Holes 847B, 847C, and 847D (Hagelberg et al., this volume) . Samples used in this study came primarily from Hole 847C, with splices from Holes 847B and 847D. Thus, only a portion of the samples were taken from the sections included in the shipboard spliced composite record. Because significant stretching and squeezing of sections is apparent among the holes at a given site (Hagelberg et al., this volume) , a simple transfer of the shipboard meters composite depth (mcd) to Hole 847C will yield offsets in the structure of Hole 847C data relative to other holes and the composite. As shown in Figure 2A , GRAPE data in Holes 847C and 847D can be offset by as much as 0.5 m; the GRAPE maxima at points A, B, and C for Hole 847C are offset in composite depth from the same events in Hole 847D labeled A', B', and C.
A revision is needed to account for the offsets that arise when shipboard mcd is assigned to sections other than those used in the composite. Hagelberg et al. (this volume) derived a revised meters composite depth (rmcd) scale, which stretched and squeezed the composite depth sections within each core to align structure in GRAPE records among holes (Fig. 2B ). However, this rmcd (Table 1 ) assumes a common GRAPE structure for a site and adjusts depths in each hole to fit that structure. For the 579 sample intervals from Hole 847C, which measured approximately 15 cm in ODP depth, 98 were stretched or squeezed by at least 5 cm (Fig. 3) . In the extreme case, a 15-cm sample interval within one core, between Samples 138-847C-1H-1,77 cm, and -1H-1, 92 cm, was stretched by 34 cm using this method. Sedimentation rates derived from the adjusted depth scale may not reflect the true sedimentation rate for an interval within a given hole. Because we develop an isotope stratigraphy from measurements on samples from Holes 847C and 847D, including sections other than the ones used in the final composite for the site, and we use this chronostratigraphy in calculating sedimentation rates and mass accumulation rates (MARs) for each sample, the rmcd scale does not meet the needs of our project. Therefore, a composite depth stratigraphy for Cores 1H to 9H (~O to 3 Ma) was developed for Site 847 by selecting Hole 847C as the primary record and using sections from Holes 847B and 847D to fill in coring gaps or disturbed intervals. This composite depth reconstruction for Site 847 is summarized in Figure 4 and Table 3 . We Composite depth reconstruction using smoothed (nine-point Gaussian filter) GRAPE data from Holes 847C and 847D between 10 and 15 m. A. Shipboard composite depths (mcd) and applied to data from Holes 847C and 847D. Note offsets in GRAPE structure at events A-A', B-B', and C-C'. B. Revised composite depth for Site 847 after Hagelberg et al. (this volume) . C. Meters composite depth (Bmcd) constructed for this study. The reconstruction is similar to that in Figure 2A , but choosing Hole 847C as the primary record and patches and core breaks coming mostly from Hole 847D.
use the notation "Bmcd" (Brown mcd) to distinguish these depths from other composite reconstructions. The new stratigraphy has the same limitations noted above for the shipboard mcd when using an alternative hole as the primary record (Fig. 2C) . Care was taken to ensure that GRAPE events adjacent to the patches were aligned to avoid replication and to ensure representation of these events in the composite section. Shackleton et al. (1992) showed that GRAPE density records can be correlated among the Leg 138 sites and that these cycles have a high correlation to solar insolation variations. Shackleton et al. (this volume) use this correlation to assign a chronostratigraphy to the GRAPE records by matching insolation maxima of known age with GRAPE maxima. A total of 89 events between 0 and 3 Ma were used in the age model for Site 847 (Table 4) . The ages based on Shackleton et al.'s (this volume) chronology were assigned to samples in this study (Table 1) through interpolation by assuming a linear sedimentation rate of rmcd between datums. Sedimentation rates were assigned to each sample by the rmcd and age difference between a sample and the adjacent younger sample: Sedimentation rate f , 7 = [Depth^ -Depth f(Wj ]/[Age w -Age r , Wj ]. Farrell et al. (this volume) provide an independent chronostratigraphy for Site 847 spanning the top 1.14 m.y., based on oxygen isotope stratigraphy for the composite depth section developed in this study, using the planktonic foraminifer Globigerinoides sacculifer (Table 1) . A total of 58 events were used for this age model. Farrell et al. (this volume) discuss the differences between the oxygen isotope and GRAPE-based chronologies. Because the oxygen isotope age model is independent of the carbonate changes, we have used this chronology for our time-series analysis and the discussion of the glacial to interglacial variations over the past 1 m.y. Shackleton et al. (this volume) incorporated data from the oxygen isotope studies of Leg 138 sites and presents a revision of the GRAPE-based age model over the past 1 m.y., in addition to that derived by using GRAPE records alone.
Chronostratigraphy and Sedimentation Rates

Chemical Data
Calcium carbonate and opal concentrations were measured in 5-cm 3 samples of bulk sediment (Table 2 ). All samples were freeze-dried and two-thirds of the dried sample was removed and ground with a mortar and pestle. Before being analyzed, the ground samples were -5, 17 2H-5, 30 2H-5, 47 2H-5, 62 2H-5, 77 2H-5, 92 2H-5, 107 2H-5, 122 2H-5, 137 2H-6, 2 2H-6, 17 2H-6, 30 2H-6, 47 2H-6, 64 2H-6, 77 2H-6, 92 2H-6, 107 2H-6, 122 2H-6, 137 2H-7, 2 2H-7, 17 2H-7, 30 138-847D-3H-3, 62 3H-3, 77 3H-3, 92 3H-3, 107 3H-3 
section depth is the midpoint of a 4-cm sample. Deviation (m) Figure 3 . Histogram of the extent to which sample intervals have been stretched (negative values) or squeezed (positive values) when constructing revised composite depths (rmcd) for Hole 847C using the method of Hagelberg et al. (this volume) . Of the 579 samples having a spacing near 15 cm, 98 were stretched or squeezed by more than 5 cm. dried overnight at 100°C and then placed in a desiccator to cool for at least 1 hr. Calcium carbonate content was measured on a gasometric apparatus similar to that described by Jones and Kaiteris (1983) . The Brown University system uses a differential pressure gauge in place of a vacuum gauge, and carbonate reactions are measured at atmospheric pressure. The calcium carbonate was digested in 3 mL of 43% phosphoric acid (a 1:1 mixture of 85% phosphoric acid and deionized water). Replicate analyses of both standards and samples routinely give an analytical precision of better than 0.5% by weight. To ensure that our analyses are consistent with the shipboard data, we measured the calcite content on 22 samples from Site 847 that had been analyzed aboard the JOIDES Resolution using the coulometric procedure . No systematic offsets are apparent (Fig. 5) , and the small differences are within the analytical errors of the two techniques.
Opal content was measured in the samples following the technique of Mortlock and Froelich (1989) , except that buffered 0.5 M acetic acid, rather than hydrochloric acid, was used to remove the carbonate material. A hot (85°C) 2M Na 2 CO 3 leach was used to extract the biogenic opal. Samples were placed in a water bath for 6 hr and stirred at 1-to 2-hr intervals. Measurements of dissolved silica were performed using a Spectronics 601 spectrophotometer; the precision based on standards and replicates was better than 1% by weight. Silicon concentrations were converted to opal using a factor of 2.5, which applies to samples having a mixture of diatom and radiolarian skeletal material (Mortlock and Froelich, 1989) . Residuals after the opal leach of selected samples were examined microscopically to ensure that complete or near-complete digestion of biogenic opal was obtained using a 2M Na 2 CO 3 extract solution. Some samples had relatively well-preserved radiolarian parts in the residuals. Additional experiments were performed to ensure that these undigested tests represented only a small portion of the total opal in the sample. Results of these experiments are reported in the Appendix. We conclude from these experiments that our procedure extracted most (>95%) of the biogenic opal contained in these Site 847 samples.
Dry Bulk Density
Dry bulk density (DBD) data needed to calculate MARs were derived from the shipboard GRAPE wet-bulk-density (WBD) measurements. A total of 105 discrete DBD values were obtained by shipboard scientists within Cores 1H through 9H of Hole 847B . These data are compared to the associated GRAPE values for each sample (Fig. 6) . To obtain values for each sample depth, the GRAPE data, having a sample spacing of 2 cm, were first smoothed with a nine-point Gaussian filter (T. Hagelberg, pers. comm., 1993) and then sampled at the mcd corresponding to the shipboard DBD measurements. This smoothing was necessary to reduce the high-frequency variability before interpolation to discrete sample depths. The linear regression between the GRAPE data and the discrete samples [DBD = -1.695 + 1.538 * GRAPE; r = 0.94] was used to estimate the DBD for each sample in this study. The smoothed GRAPE records from Holes 847B, 847C, and 847D were sampled at the depths (mcd) corresponding to samples used in this study. These data are listed in Table 2 .
RESULTS AND DISCUSSION
Site 847 is located west of the Galapagos Islands beneath highly productive surface waters associated with the equatorial divergence (Fig. 1) . The sediments are largely a mixture of biogenic carbonate and opal, with lesser amounts of detrital material transported to the site by using Hole 847C as the primary data and splicing in data from Holes 847B and 847D to account for sediment missing or disturbed at core breaks (shaded areas). A. Depth below the seafloor in composite depth of this study (Bmcd). B. GRAPE data sampled at ~2-cm intervals from Hole 847C and smoothed using a nine-point Gaussian filter. C. GRAPE data from Holes 847B and 847D for the intervals spanning and adjacent to the core breaks in Hole 847C. The first patch is from Hole 847B and all other patch data are from Hole 847D. D.
Composite GRAPE data for Site 847 following the scheme listed in Table 3 . E. %CaCO 3 data for the composite at Site 847. Sample spacing is -15 cm. Note that much of the structure in the GRAPE data is resolved in the more coarsely sampled carbonate data. F. Core numbers corresponding to Hole 847C. G. Selected nannofossil datums used as control points for the shipboard sedimentation rate model for Site 847 . The location of the Pleistocene/Pliocene boundary was based on the nannofossil data reported for Site 847 . 
1.6
GRAPE-smooth interpolated Figure 6 . Scatter plot of discrete dry density values measured in Hole 847B samples in Cores 1H to 9H vs. the corresponding GRAPE density samples. The GRAPE data were smoothed using a nine-point Gaussian filter and were sampled at depths corresponding to the discrete dry-bulk-density (DBD) samples. The linear regression model based on these data and shown in the figure was used to calculate dry-bulk-density values for samples in this study.
means of winds (Fig. 7) . At a water depth of 3334 m, the site is near the top of the regional sediment lysocline (Berger et al., 1976) , and the carbonate sediment component is relatively well preserved. Opal and carbonate concentrations have a high negative correlation (Fig.  8A , r = -0.94); these two components mirror one another downcore (Fig. 7B) . Because of the large contrast in the density and differential packing of carbonate and opal sediment components, the GRAPE WBD records exhibit a pattern that matches the relative changes in the proportions of carbonate and opal (Fig. 7 A) . A comparison of the opal and carbonate concentrations in the Site 847 samples to corresponding values of GRAPE density reveals a curvilinear relationship, with greater scatter in the high-opal, low-carbonate range (Figs. 8B-8C). We tentatively attribute this larger scatter to the relative increase in a third component, detrital material, within some of the lowcarbonate intervals. Mayer (1991) used the high correlation between GRAPE and calcium carbonate concentrations to derive an empirical relationship for 
32.36 0.294 9H-6, 17 9H-6, 32 9H-6, 47 9H-6, 62 9H-6, 77 9H-6, 92 9H-6, 107 9H-6, 122 9H-6, 137 9H-7, 2 9H-7, 17 9H-7, 32 9H-7, 48 9H-7, 62 9H-7, 77 Age (Ma) Figure 7 . A. Time series for the past 3 m.y. of GRAPE density data smoothed with a nine-point Gaussian filter and sampled at depths corresponding to samples used in this study. B. %CaCO 3 and %opal. C. %Lithogenic estimated from [100 -(CaCO 3 + opal)]. Note that the opal scale has been inverted. The ages were derived from the GRAPE-based age model of Shackleton et al. (this volume). estimating calcium carbonate concentrations from the GRAPE density values in nearby piston cores and DSDP sites. This empirical relationship was applied to Leg 138 sites in the study of spatial and temporal variability of carbonate by Hagelberg et al. (this volume) . Here, we apply the empirical relationship of Mayer (1991) to the smoothed GRAPE data to estimate carbonate concentrations for the samples analyzed in this study ( Table 2 ). The smoothed data were used because the raw GRAPE data have substantial high-frequency variability, which induces a greater scatter in the estimated CaCO 3 concentrations. The estimated carbonate stratigraphy matches the pattern of measured carbonate rather well (r = 0.93; Figs. 9A-9B), and the mean of the absolute value of the difference of the measured and estimated values is 4.5%. Some large differences do occur, especially on rapid transitions. The GRAPE data were interpolated to obtain values corresponding to samples used in this study, and this interpolation may contribute to the offsets. GRAPE density and carbonate data had a different sample spacing, and linear interpolation between the adjacent ~2-cm-spaced GRAPE measurements was performed to obtain values for comparing with the carbonate measurements. In addition, GRAPE measurements were performed on cores before they were split, whereas sampling for the chemical measurements was performed after they had been split.
Depth offsets resulting from core Curation may also be responsible for these large differences. The differences of the estimated and measured carbonate values were compared to the opal and calcium carbonate concentration data to determine whether the differences can be attributed to either of these components. The estimate of carbonate from GRAPE data assumes that much of the variability results from changes in the relative proportions and packing characteristics of carbonate and opal (Herbert and Mayer, 1991) . Should carbonate or opal components at Site 847 have different characteristics from those sites to the west, where the empirical relationships were developed and first applied, the offsets might correlate with either carbonate or opal concentrations. However, no correlation can be seen between the residuals and either carbonate or opal concentrations (Figs. 9C-9D) .
Because of its relatively close proximity to South America, Site 847 is likely to have more terrigenous influx than sites to the west. The influx of substantial amounts of this third component is likely to induce errors in the predictions. We used [100 -(CaCO 3 + opal)] as a measure of the detrital influx (Fig. 7C) . The magnitude of the terrigenous values estimated from this method is twice that of estimates based on a sequential leach (S. Hovan, pers. comm., 1992) . As Figure 8 . Scatter plots of (A) %CaCO 3 and %opal, (B) %CaCO 3 and GRAPE, and (C) %opal and GRAPE data given in Table 2 . The opal and carbonate data are highly correlated (r = -0.94). A comparison of GRAPE data to the chemical data reveals a curvilinear relationship, with a large scatter in the high opal range. mate of the detrital component to the residuals of the carbonate predictions also reveals no correlation (Fig. 9E) , and the differences exhibit a random scatter, which may reflect the limits of estimating carbonate from GRAPE data.
Biogenic Sedimentation (0-1 Ma)
The cyclic changes in carbonate and opal sedimentation in the equatorial Pacific Ocean have been the subject of numerous studies since they were first reported by Arrhenius (1952) . During the late Pleistocene, the cycles in central equatorial Pacific locations closely followed the waxing and waning of the ice sheets, implying a response of the equatorial Pacific Ocean to global climatic forcing (Broecker, 1971; Luz and Shackleton, 1975; Pisias and Rea, 1988; Farrell and Prell, 1989) . The cyclic changes at Site 847 exhibit some similarities, but also some distinct differences, compared with deeper sites farther to the west. The carbonate concentration changes do exhibit a general pattern of carbonate-rich intervals during glacial periods and carbonate-poor sediments associated with interglacial periods (Fig. 10) . However, the amplitude of the signal is less pronounced at Site 847 compared with that at the central equatorial Pacific sites studied by Farrell and Prell (1989) . This is to be expected because Site 847 is at or near the top of the sediment lysocline for this area (Berger et al., 1976) and carbonate dissolution, which is a major controlling factor on the amplitude of the central Pacific cycles, should have played a smaller role in altering the carbonate influx to Site 847. The low-carbonate interval during the last major interglacial period (0.08-0.12 Ma) is relatively more pronounced in Site 847 sediments than in sediments from central equatorial Pacific sites. This same event was observed in DSDP Site 572 (Farrell and Prell, 1991) , also located near the top of the sediment lysocline for this region (Berger et al., 1976) . Dilution by noncarbonate material such as opal may have played a role in the structure of the concentration record. By examining the data in terms of MARs, the effect of dilution should be ameliorated.
The structure in the time series of the MARs is a function of the sedimentation rates and, therefore, the age model used. In Figure 10 , we show the time series and spectral characteristics δ 18 θ of G. sacculifer, GRAPE, %CaCO 3 , and CaCO 3 MAR records for the past 1 m.y. using the isotope and GRAPE-based age models. The GRAPE-based chronology assumes that the concentration changes in the equatorial Pacific exhibit the same periodic nature as the Northern Hemisphere insolation changes (Shackleton et al., this volume) . The close match between the time series and spectral characteristics of concentration data and oxygen isotopes using the two independent age models implies that the assumption concerning the periodic nature of the concentration changes is generally valid, especially in the low-frequency range (Fig. 10) . However, temporal offsets are apparent which will Figure 10A is the spectra of the SPECMAP stacked isotope time series for the past 0.63 m.y.; 70 lags were used for this analysis. The shaded bands in each spectra depict the 100-, 41-, and 23-k.y. bands associated with variations in the Earth's orbital parameters.
have an impact on the phase estimates between the Site 847 time series using the GRAPE-based age models and records of global climate change (e.g., Imbrie et al., 1992) . In addition, these temporal offsets will result in differences in MARs that rely on sedimentation rates derived from these age models (Fig. 10D) . The CaCO 3 MAR time series based on the two chronologies are substantially different in the higher frequencies, but the same general trends in the data are apparent in both records (Fig. 10D) . The CaCO 3 MAR time series using the oxygen isotope-based chronology is strikingly similar to that in the GRAPE and %CaCO 3 records. For the past 1 m.y., the records exhibit a significant near-100 k.y. periodicity as well as an increase in CaCO 3 MAR between 0.3 and 0.6 Ma. The last interglacial period (0.08-0.12 Ma) was characterized by low CaCO 3 MAR, followed by a substantial increase to high values during the last glacial episode. We examined foraminifer preservation data and the relative influx of siliceous material to identify the cause of these large changes.
The accumulation of CaCO 3 should reflect the balance between processes of production and dissolution. The data on the percentage of whole planktonic foraminifers, relative to fragments, provide a relative index of the extent to which dissolution of carbonate has altered the record (Thunell, 1976) . The values spanning the last interglacial period range from 47% to 72%, but show no distinct correlation of high fragmentation during low accumulation (Fig. 1 IB) . In fact, the relative low CaCO 3 MARs near 0.07 and 0.09 Ma are associated with a foraminifer assemblage having the same preservation state as during the carbonaterich glacial period (see also McKenna et al, this volume) . During this interglacial time interval, the proportion of radiolarians, which reflects the siliceous component of the sediments, relative to foraminifers in the >150-µm fraction is larger than in the following glacial, although the overall accumulation of opal is not greater (Fig. HC) . Taken together, these data imply that the changes are related to the carbonate component and not the opal, and that carbonate production and not dissolution is responsible for the changes in CaCO 3 MAR. The production of carbonate was lower during the last interglacial, resulting in a relative increase in the siliceous component of the plankton. 
Biogenic Sedimentation (0-3 Ma)
Time series of carbonate concentration and CaCO 3 and opal MAR for the past 3 m.y. are shown in Figure 12 . The pattern of %CaCO 3 for Site 847 is similar to that observed at DSDP Site 572, almost 20°t o the west (Farrell and Prell, 1991) . For this analysis, we used the age model based on tuning the GRAPE data to the summer insolation changes. Therefore, as shown in the previous section, the timing of the higher frequency MAR maxima and minima are suspect, but the longterm trends generally are valid. A 20-point moving average is used to depict the trends in the MAR data for the past 3 m.y. (Fig. 12) . High rates of CaCO 3 MAR near 2.8 Ma are followed by a distinct minima near 1.8 Ma. CaCO 3 MAR increases to a maxima near 0.4 Ma, followed by a significant decrease in production during the last interglacial period. We used preliminary preservation data to evaluate the relative influence of dissolution on the alteration of the record of carbonate production. In carbonate-rich sediments, where dissolution causes fragmentation of foraminifer tests into smaller particles, coarse fraction data (>150-µm wt%) have been used as an index of dissolution (Peterson and Prell, 1985) . The coarse fraction data from Site 847 (Fig.  12) do not exhibit a correspondence with either the high-frequency or broad trends in the CaCO 3 MAR time series. We concluded that either the coarse fraction is not a reliable index of dissolution for the Site 847 samples or that production is responsible for the structure of the CaCO 3 MAR time series. Additional dissolution indexes, such as whole planktonic foraminifers (%), help to resolve this question. The preliminary data from this index show little correspondence with either the >150 µm (%) or MAR data (Fig. 12) . Percentages of whole planktonic foraminifers have a similar range and magnitude within intervals of high and low CaCO 3 MAR. Intervals within the low accumulation events of the last interglacial and near 1.8 Ma have relatively high whole-to-fragment proportions, which implies that the minimum in accumulation is related to production rather than dissolution. However, Farrell and Prell (1991) suggested dissolution as the cause of these events at sites farther to the west. Although the data from Site 847 suggest that production controls the long-term changes in carbonate accumulation, additional work using more reliable dissolution indexes will be needed to decipher the cause of these events. Intervals of opal accumulation maxima at times of low CaCO 3 MAR (i.e., 1.7-2.0 Ma and 1.1-1.3 Ma) imply that production was dominated by siliceous organisms during these periods, especially because only a small proportion (-10%) of the opal rain is presently preserved at these sites (Dymond and Lyle, 1985; Archer et al., 1993) .
Equatorial Transect
A recent compilation of surface primary productivity from the equatorial Pacific Ocean shows a two-to threefold increase in primary production along the equatorial Pacific transect from 140° to 95 °W (Berger, 1989) . Such a gradient should be reflected in the biogenic components of the underlying sediments. Lyle (1992) showed that the composition of surface sediments in the eastern Pacific does reflect the complex surface productivity gradients in this region near the coast of Central and South America. To evaluate the long-term changes in carbonate and opal productivity along the equator, we selected three sites along an equatorial transect from 140° to 95°W (Fig. 1) . Site 847 provides the eastern anchor of the transect. A combination of data from Cores W8402A-14 (0°57'N, 138°57'W, 4287 m water depth), lA0°03 f y/, 4420 m water depth), and DSDP Site 573 (0°30'N, 133° 19^, 4301 m water depth) are used to quantify the biogenic sedimentation at the western location. The Core RC11-210 data are from Rea et al. (1991) , the Core W8402A-14 data are from Lyle et al. (1988) , and the DSDP Site 573 carbonate data are from Farrell and Prell (1991) . DSDP Site 572 (P26'N, lD^lW, 3903 m water depth), midway between these sites, completes the transect with carbonate data from Farrell and Prell (1991) and opal data generated as part of this study. All age models were adjusted to be consistent with the orbitally tuned, GRAPE-based chronostratigraphy of Shackleton et al. (this volume) . To capture the major trends in the carbonate and opal accumulation rate data for comparisons made in this study, we used a 20-point running mean of each time series (Fig. 13) .
The west-to-east gradient in carbonate accumulation is small, especially between 1.5 and 2.0 Ma and during the past 0.5 m.y. One possibility is that dissolution of carbonate at the eastern sites has altered any preexisting gradient in the flux to the seafloor. Whole planktonic foraminifer (%) data was used to evaluate the dissolution gradient along the transect. Data for the past 0.5 m.y. show that the carbonate assemblage is better preserved in the eastern Site 847 compared with those in the deeper Sites W8402A-14 and DSDP 572 located farther west (Fig. 14) ; thus, dissolution cannot account for the small gradient. In fact, these data imply that the initial flux of carbonate before dissolution probably was greater in the central Pacific sites compared with that in the eastern sites. Although the surface gradient in production is not reflected by calcareous plankton, our preliminary data from the opal component show that opal accumulation does exhibit a strong west-to-east gradient during the past 1 m.y. (Fig. 13) . Opal accumulation at Site 847 in the east is as much as four to five times the rate of the western Sites W8402A-14 and RC11-210. This factor is greater than the modern productivity gradient. Should opal production track the primary production, the longitudinal opal gradient would highlight the nonlinear relationship between production and preservation of opal in marine sediments, as noted by Broecker and Peng (1982) .
CONCLUSIONS
Sedimentation during the past 3 m.y. at Site 847, beneath the high productivity region of the equatorial divergence, reflects long-term variations in the production of carbonate-and opal-secreting microplankton in this region. The cyclic changes in carbonate and opal components and their respective packing characteristics cause the density changes observed in the GRAPE WBD records generated by the Leg 138 shipboard scientists. Estimates of CaCO 3 (%) from the GRAPE data provide reliable values, with a mean difference of 4.5%. This difference appears to be random and probably reflects limitation of the GRAPE-based estimates.
A comparison of times series of the δ 18 θ of G. sacculifer, GRAPE, %CaCO 3 , and CaCO 3 MAR for the last 1 m.y. using age models based on oxygen isotope stratigraphy and tuning the GRAPE cycles to summer insolation at 65 °N reveals that long-term changes are the same with the different models but that high-frequency orbital changes are different. This is especially true for the CaCO 3 MAR time series, where glacial to interglacial changes are age-model dependent.
An evaluation of distinct low-carbonate events during the last interglacial period and near 1.8 Ma suggests that production, not dissolution, is responsible for these changes. The relative increase in opal accumulation within these intervals implies that flux of material to the seafloor was attributed largely to siliceous microplankton, rather than calcareous organisms.
The long-term changes in carbonate and opal accumulation along a transect from the central to eastern equatorial Pacific during the past 3 m.y. show little gradient in carbonate accumulation, even though the carbonate component is better preserved in the eastern site. However, a steep gradient in opal accumulation that is greater than the modern productivity changes across the region can be seen. These data highlight the nonlinear relationship between opal production and accumulation, where high rain rates have enhanced preservation.
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This project could not have been completed without the help of the world-class Brown sailors (Mike Zani, Site 847 carbonate and opal; Brian Doyle and Guy Adema, Site 572 opal) who spent numerous hours in the laboratory before the winds picked up. Mel Waldorf helped with sample grinding and Site 847 carbonate analyses before moving on to his pollen studies. We are grateful to Carmen Cors, April Martin, Jenna Cook, and Jane Donnelly for their help in preparation and counts of the faunal samples. Thanks to Min-Te Chen for providing unpublished fragmentation data for Site 572, Terri Hagelberg for providing revised composite depths for the Site 847 GRAPE data, and Nick Shackleton for distributing his orbitally tuned GRAPE-based age model. Technical support for this project was obtained by grants from JOI/USSAC (TAMRF-20528) and NSF/ATM (ATM-8812589). u Si concentrations for samples treated with the hot Na^CCh leach described in the "Methods" section (this chapter), except that the samples were not ground. All samples were run in duplicate. ND = no data. h Residuals after the first leach were rinsed three times with hot DDW, and one of the residuals for each sample was sieved at 38 µm. Total is the unsplit duplicate. c Si concentrations for samples treated with 17.5 ml of 2N NaOH and placed in a hot water bath for 5 hr. d Si concentrations for four of the samples and the respective splits that were rinsed, dried, and treated with 17.5 ml of 2N NaOH and placed in a hot water bath for 8 hr. c Sum of mean Si concentrations from the sequential extractions for each sample. The sum for samples that were split includes analyses of both the less than and greater than 38-µm portions. f Si concentrations from 
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